Background--Thirty-day readmission rates have been tied to hospital reimbursement in the United States, but remain controversial as measures of healthcare quality. We profile the timing, main diagnoses, and survival outcomes of inpatient and emergency department readmissions after acute coronary syndrome (ACS), based on a large regional database.
L ike other chronic illnesses, coronary artery disease is punctuated by episodes of acute exacerbation requiring hospitalization, most commonly for acute coronary syndromes (ACS). Despite improvements in acute care and survival after ACS hospitalization, early readmissions remain common, and have significant clinical and financial impact. 1 These readmissions are seen as undesirable events both for patients and healthcare systems. Because of the variability in readmission rates among different hospitals and regions, it has been argued that early readmissions are avoidable and furthermore are related to suboptimal quality of care during the index hospitalization. 2 Therefore, 30-day readmission profiling is becoming a metric for institutional and regional performance, and beginning in 2012 in the United States, hospitals whose 30-day hospital readmission rates for certain conditions, including acute myocardial infarction (AMI), exceed the national average are financially penalized under the Patient Protection and Affordable Care Act. [3] [4] [5] However, while some readmissions after AMI may be preventable with improved in-hospital and postdischarge processes, a substantial proportion may be unavoidable, unrelated to the index admission, or conversely reflect high-quality, responsible care. [6] [7] [8] [9] [10] [11] Therefore, considering early readmissions as a homogeneous phenomenon may obscure important variations in their impact and relevance. While several investigators have sought to identify predictors of 30-day readmission following AMI [12] [13] [14] or percutaneous coronary interventions, 6, 15 detailed contextual data about these encounters has been lacking. Furthermore, patients with an index admission for unstable angina have been excluded from most studies, and the relevance of admissions beyond the 30-day window has been poorly studied. We sought to profile the timing, main diagnoses, and survival outcomes of inpatient and emergency department readmissions after acute coronary syndrome (ACS), based on a large inclusive regional database. Our findings shed light on the correlates of readmission episodes, with implications to the widespread reporting of readmission rates as an indicator of quality of care.
Methods

Study Population and Data Sources
This study included all subjects enrolled in the Alberta Provincial Project for Outcomes Assessment of Coronary Heart Disease (APPROACH) 16 within the Alberta Health
Services-Calgary and South Zones (population 1.5 million) who were discharged alive after an ACS hospitalization between April 1, 2008, and March 31, 2010. Patients are captured in the APPROACH database when they are admitted to a cardiac ward in any acute care hospital. APPROACH uses prospective data collection for patient characteristics, comorbidities, and details of management during the index hospitalization. The diagnosis of ACS and its subcategorization as unstable angina, non-ST elevation myocardial infarction (NSTEMI), and ST elevation myocardial infarction (STEMI), are entered at the time of discharge, and represent the physician's interpretation of all clinical data, including electrocardiography, biomarker elevation, and the results of cardiac testing. During the study period all participating centers used troponin T as the principal cardiac biomarker, with standardized cut-offs to define myocardial infarction. APPROACH data were linked with the Discharge Abstract Database (DAD) and the Ambulatory Care Classification System administrative databases to obtain the timing and diagnosis for hospital readmissions after discharge. In addition, this linkage reduces missing data comorbidities data. 17 Comorbid illness is defined within the Discharge Abstract Database using the Charlson score, 18 based on International
Classification of Disease (ICD-10-CA) discharge codes. 19 Comorbid illnesses were defined at time of index hospitalization. Data on all-cause mortality is provided by linkage with Alberta Vital Statistics. All data sources were updated through March 31, 2011. The University of Calgary Research Ethics Board has approved APPROACH registry data collection and linkages with secondary sources, and waived the requirement for individual consent for inclusion.
Hospital Readmission Definitions
We categorized the first hospital-based readmission after ACS discharge as follows. The reference group was patients who had no emergency department visit or inpatient readmission during the follow-up period. Readmitted patients were categorized as inpatient if they were hospitalized under the care of an admitting service, either with or without being assessed in the emergency department first, and as emergency department if the first hospital readmission consisted of an assessment in the emergency department only. All readmissions were also categorized in terms of their relationship to the index admission based on the main discharge diagnosis codes, and were coded as cardiac-related, possibly related, and unrelated. In Canada, the "main discharge diagnosis" is defined as the diagnosis requiring the most resources during a hospital stay. Cardiovascular-related readmissions were those whose main diagnoses related to coronary artery disease, chest pain, congestive heart failure, arrhythmias, valvular heart disease, pericardial disease, or stroke. Readmissions were classified as possibly related when the main diagnosis may have been due to complications of a procedure (eg, wound infection, pleural effusion) or a medical therapy (eg, bleeding, acute renal failure, hypotension, electrolyte disturbance) provided during the initial hospitalization. Cardiac-related readmissions were further subcategorized as either planned or unplanned. Planned readmissions were those involving elective coronary angiography, percutaneous coronary intervention, or cardiac surgery, using urgency codes in APPROACH. All other readmissions were considered to be unplanned.
Statistical Analysis
Demographic and clinical characteristics were compared by readmission status using v 2 tests for categorical variables, overall ANOVA for continuous variables, and nonparametric t tests for non-normally distributed variables. Multivariable logistic regression models were created to predict readmissions. Initial predictors were selected for known or suspected associations with readmissions, and included age ≥75 years, female sex, index length of stay ≥7 days, STEMI/NSTEMI diagnosis, catheterization during index admission, congestive heart failure, pulmonary disease, renal disease, diabetes (uncomplicated and complicated), peripheral vascular disease, mild liver disease, and dementia. Stepwise backwards elimination was used to select variables 20 for the final logistic regression models to predict readmissions within 30 days and within 1 year. Separate models were created for all-cause readmissions and for the emergency department and inpatient subtypes, to determine whether similar variables were predictive across readmissions types. Only variables with a P-value <0.05 were retained in the models. We report C-statistic values for model discrimination, as a measure of the extent to which readmission end points are related to the baseline clinical predictor variables that were modeled. A priori, we anticipated that these C-statistic values could be quite low for readmission endpoints, especially if a number of nonclinical factors influence whether a patient is readmitted or not.
We compared all-cause mortality in follow-up among patients who survived at least 30 days after the initial admission, according to both 30-day readmission status and readmission type, using Kaplan-Meier plots and the log-rank test, and used Cox proportional hazards models to adjust mortality estimates for known prognostic variables. All statistical analyses were performed with SAS version 9.2 (SAS Institute, Cary, NC). A 2-sided P<0.05 identified statistical significance.
Results
Of 3609 patients discharged with a diagnosis of ACS between April 1, 2008 and March 31, 2010, 3411 (94.5%) survived to discharge and were included. The ACS diagnosis subcategories were 1128 (33.1%) unstable angina; 1517 (44.5%) NSTEMI; and 766 (22.5%) STEMI. The mean age was 65.6AE13.2, and 1055 (30.9%) patients were female. Figure 1 summarizes these data and Table 1 summarizes key characteristics of the patients and their index ACS admissions. Table 2 describes the timing and main diagnoses for hospital readmissions. During 1 year of follow-up, 2106 (61.7%) had at least 1 hospital readmission, and 1170 (34.3%) were readmitted within 30 days. In total, there were 695 (20.3%) inpatient readmissions within 30 days. The median time from index discharge to readmission was 0.8 months (Q1 to Q3 0.2, 1.4). The first hospital readmission was an assessment in the emergency department only in 942 patients (44.7%) and was an inpatient admission in 1164 (55.3%). The readmissions were categorized as cardiovascular in 984 (46.7%), as possibly related to the index admission in 135 (6.4%), and as unrelated in the remaining 987 (46.9%) cases. Considering only 30-day readmissions, 594 (50.8%) were cardiovascular and another 90 (7.7%) were possibly related to the index admission. Cardiac catheterization and/ or revascularization procedures were performed in 291 inpatient readmissions (24.8%). Of these, 213 (73.2%) occurred in the first 30 days, including 24 (8.2%) planned procedures. No sex-based differences were present for any of the outcomes listed in Table 2 . Table 3 summarizes the results of multivariable predictive logistic regression modeling for all-cause and cardiac readmission types. There was considerable variability in the predictor variables between all-cause versus cardiovascular readmission types, and between 30-day versus 1-year time points. Considering all-cause readmissions, both renal disease and diabetes mellitus predicted an increased risk at both time points, while having undergone a cardiac catheterization during the index ACS hospitalization predicted a reduced risk. However, neither renal disease nor cardiac catheterization status predicted cardiovascular readmissions, and diabetes mellitus predicted only inpatient cardiovascular readmission types. Other variables had divergent associations with different readmission types. For instance, age ≥75 was associated with significantly lower odds of either allcause or cardiac readmission within 30 days, but with significantly increased odds of all-cause inpatient hospitalization by 1 year. Furthermore, length of stay at the index hospitalization >7 days was associated with significantly increased odds of all-cause hospitalizations, but with a similar-magnitude reduced odds of readmission for a cardiovascular cause. The fully adjusted models had only modest discriminatory capacity for predicting readmissions, with C-statistics between 0.526 and 0.580 for cardiovascular readmissions, and between 0.553 and 0.658 for all-cause readmissions.
Predictors of Readmission
Mortality
Among 3386 patients who survived at least 30 days after the index admission, having a readmission within 30 days was associated with a higher risk of all-cause mortality (adjusted hazard ratio [HR], 95% CI=1.43, 1.15 to 1.79, compared to those without a readmission within 30 days) over a median follow-up of 0.8 years (Figure 2A, P<0.0001) . However, this excess mortality was not observed in patients in the emergency department-only readmission group ( Figure 2B ). Patients with an emergency department readmission were at significantly lower risk of death (HR 0.58, 95% CI 0.36 to 0.95, compared to patients without readmission), while those with an inpatient readmission were at higher risk HR (1.83, 95% CI 1.45 to 2.31, compared to patients without readmission).
Finally, among patients with a readmission within 30 days, the Kaplan-Meier risk of death was not statistically different in those with cardiac and noncardiac causes of readmission, though the small number of patients with possibly related readmissions appeared to be at increased risk of death ( Figure 2C ). Adjusted HRs (95% CI) for cardiac-related and possibly related readmissions were 1.16 (0.91, 1.48) and 1.74 (1.10, 2.74), respectively. All HR were adjusted for age, sex, diabetes, heart failure, pulmonary disease, peripheral vascular disease, renal failure, and index length of stay >7 days.
Discussion
These data provide several important insights into the phenomenon of repeat hospital visits after ACS discharge. First, as has been previously reported, these readmissions are common: 20% of our cohort had an inpatient readmission and an additional 14% had an emergency department visit within 30 days. Overall, 62% had a hospital visit within 1 year. Second, 30-day inpatient readmissions are associated with an increased risk of mortality within 1 year, but patients whose first readmission is an emergency department assessment only do not share this elevated risk. Third, only about half of these readmissions are potentially related to the index stay. In fact, only 11.2% of our cohort had a cardiovascular inpatient readmission within 30 days. As has been reported in other series, a minority (8%) of these cardiac readmissions were for elective procedures such as staged percutaneous coronary intervention or coronary artery bypass grafting surgery. 6 Fourth, while some features are reliably associated with an increased (renal disease, diabetes) or decreased (cardiac catheterization during the index stay) risk of all cause readmissions, the overall discriminatory performance of our multivariable logistic models was modest, indicating that many readmissions were not predictable even with the detailed demographic and clinical data available. In particular, we found few robust predictors of cardiovascular readmissions, which are those most likely to be preventable by improved care at the index ACS admission.
Toward a Broader and Deeper Characterization of Readmissions After ACS
Absolute readmission rates reported in this study are higher than in some prior publications. 6, 21 However, it is difficult to directly compare rates, due to several factors. First, because all Alberta hospitals participate in mandatory province-wide reporting of readmissions, the rates reported here are inclusive. Second, since we studied hospital readmissions following all ACS events, this study captured patients with a discharge diagnosis of unstable angina, whereas most prior studies limited their evaluation to only those patients with NSTEMI and/or STEMI. 6,13-15,21 Sangu et al. did include patients with unstable angina in their cohort, and found that they had a similar risk of 30-day readmission compared with NSTEMI patients, but a lower risk than STEMI patients. In our study, 30-day inpatient and cardiovascular readmission rates were similar regardless of ACS subtype, indicating while patients with unstable angina may be at lower acute risk than those with NSTEMI or STEMI, they should be included in interventions aimed at reducing readmission rates after ACS. Finally, most studies examining 30-day readmission rates have not addressed the prevalence and impact of emergency department visits. In this study, 41% of readmissions within 30 days were emergency department assessments without inpatient admission, similar to the findings in a recent study by Vashi and colleagues examining readmissions after a range of index discharge diagnoses. 22 Contrary to that report, we found that the majority of these emergency department-only visits were unrelated to the index ACS discharge. Interestingly, unlike those with an inpatient readmission, patients with emergency department-only readmissions within 30 days did not experience an increased risk of mortality. In fact, we found that patients with emergency department-only readmissions were associated with lower mortality by 1 year compared with nonreadmitted patients. Further research into the unmeasured reasons for this difference is warranted. The existing literature related to readmissions after AMI 3, 6, [13] [14] [15] [22] [23] [24] [25] focuses on early 30-day postdischarge all-cause readmissions. The specific time period explored in these studies is based upon the commonly chosen 30-day readmission rates utilized as a hospital performance measure. However, several groups have raised concerns about the validity of utilizing 30-day readmission rates as a performance metric. 9, 10 Arguments include that only a small proportion of 30-day readmissions can be considered preventable and most importantly, that it is unclear that 30-day readmission rates represent poor quality of care. High rates can in fact represent low mortality or good access to care. 9 A recent multicenter prospective study reported that <20% of 30-day readmissions were urgent, unplanned, and avoidable. 6 Predictors of delayed hospital readmissions may be equally as valuable as the predictors of early readmissions in understanding the burden of chronic coronary artery disease and the resource implications in caring for patients with this condition. In our study, 61.9% of ACS patients had hospital readmissions within 1 year of discharge, and 53% of these delayed readmissions had a cardiovascular cause.
Are Readmissions After ACS Predictable or Preventable?
Several groups have studied factors predictive of readmissions after ACS 21 or AMI hospitalizations, 13, 26 and a systematic review 14 evaluating the consistency of patient-level predictors has been published. Some predictors most commonly reported included older age, heart failure, a prior AMI event, hypertension, and diabetes. Factors associated with all-cause 30-day readmissions after STEMI 13, 14, 26 and percutaneous coronary intervention 15 (both elective and for AMI) reported that patients readmitted within 30 days had higher rates of conditions such as previously diagnosed coronary artery disease, hypertension, diabetes, chronic obstructive pulmonary disease, chronic inflammatory conditions, renal disease, peptic ulcer disease, and metastatic cancer. Our predictive models for all-cause readmissions and cardiovascular readmissions within both 30 days and 1 year were derived from multivariable logistic regression that included many of these same variables, but we found significant variation in predictors depending on the cause and timing of readmission. This emphasizes the difficulties in determining reliable and modifiable risk factors for readmission, as highlighted in a recent editorial accompanying a focus issue dedicated to readmissions in JAMA. 27 
Limitations
Our study has limitations. First, we were unable to assess the relative impact of a number of potential indicators of quality of post-ACS care, such as prescription medications at the time of discharge, cardiac rehabilitation referral, or family physician follow-up. Second, our study was conducted in the context of a healthcare system with universal coverage. Accordingly, our findings on predictors of readmission may not apply to settings such as the US healthcare system, where insurance status may influence the likelihood of readmission episodes. Third, our data linkage for determining occurrence of readmissions does not allow us to capture readmissions occurring outside of Alberta; however, we expect that these would be relatively rare events for our analysis, given that the study was confined to Alberta residents.
Conclusions
This study demonstrates that hospital readmissions within 30 days after discharge for an ACS are common, and that these are associated with increased mortality. Importantly, our findings underline that readmissions are rather heterogeneous in nature, and that many readmissions are unrelated to the index stay and thus not easily predicted with common clinical variables. All-cause 30-day readmission rates may be too simplistic, and perhaps even misleading, as a hospital performance metric.
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